Introduction
Larix gmelinii (Pinaceae) is a young species broadly distributed throughout the Greater Khingan and Lesser Khingan mountain ranges of northeastern china, where it plays a vital role in maintaining the structure and functional stability of the ecosystems. the species is also rich in germplasm resources and serves as an important wood source in china's alpine region (36) . A population's genetic diversity may reflect its potential ability to evolve and has an important reference value for use in genetic resource protection and breeding strategy development (28) . natural populations are primary reserves of source material for genetic breeding (3, 6, 26) . to uncover the genetic potential of L. gmelinii and formulate a reasonable and reliable genetic improvement strategy for this species, a thorough understanding of its population genetic structurethe foundation of genetic improvement in forest trees-and variation patterns is required (18, 33) .
In this study, we used random amplified polymorphic DNA (RAPD) and expressed sequence tag-simple sequence repeat (eSt-SSR) techniques to analyze the genetic diversity of 270 individual samples from six natural L. gmelinii populations (2, 5, 8, 22, 38) . We compared the two types of markers with respect to testing efficiency and resolution of genetic diversity, thereby providing a theoretical basis for their effective use in the evaluation of genetic diversity and gene resources in L. gmelinii collection from the upper canopy, tender leaves were packaged, labeled, and transported on ice to the laboratory. Samples were stored at −80 °C prior to DNA extraction. A map of sampling sites is shown in Fig. 1 , and information about the geography and climate is given in Table 1 . Genomic DNA extraction total DnA was extracted from L. gmelinii needles, following the procedure described by Guan et al. (8) . To check the DNA quality, the extracted DnA was analyzed by gel electrophoresis and UV visualization.
Amplification of RAPD and EST-SSR markers RAPD amplifications. RAPD-PCR amplifications were carried out on a GeneAmp 9700 thermal cycler (Applied Biosystems, Foster city, cA), using RAPD primers obtained from Shanghai ShengGong (Shanghai, China). Optimized reaction mixtures were 20 μl in volume, containing 0.50 μmol/L primer, 90 ng DnA template, 0.25 mmol/l dntPs, 2.5 mmol/l Mg 2+ , 1.0 U Taq enzyme, 2.0 µl of 10× taq Buffer, and 10.8 µl of ddh 2 o. After comparison and optimization, the following RAPD amplification procedure was used: an initial denaturation step at 94 °C for 3 min; followed by 40 cycles consisting of denaturation at 94 °C for 1 min, annealing at 38.5 °C for 1 min, and extension at 72 °C for 1.5 min; and a final extension step at 72 °C for 7 min. The resulting amplification products were separated by 1.5 % agarose gel electrophoresis, stained with GelRed, and visualized under UV light, using a UVP gel imaging system. From a set of 450 RAPD primers, 31 primers yielding highly polymorphic bands and showing stable 
amplification and strong repeatability ( After the addition of 4 µL loading buffer and denaturation at 94 °C for 10 min, followed by rapid cooling on ice, the amplification products were analyzed by electrophoresis in a 6 % modified gel. EST-SSR primers were designed in our laboratory and synthesized by Shanghai ShengGong. Based on screening of 145 primer pairs, 31 SSR primers were selected ( Table 3 ) and tested to optimize the annealing temperature (8) . 
Results and Discussion
Different molecular marker methods are needed to fully reveal the genetic diversity present in different DnA sequences of L. gmelinii (11, 24, 37) . in this study, we combined RAPD and SSR methods to research the genetic diversity of natural populations of L. gmelinii from dominant and co-dominant perspectives. 
Genetic diversity analysis
populations was 0.4887 for KDe, 0.4842 for WYl, and 0.4776 for
Genetic differentiation analysis
Genetic differentiation in the six natural populations was analyzed based on RAPD data shown in (Table 5) . Based on the calculated SI, the total between-and within-population genetic variation was estimated to be 14.77 % and 85.23 %, respectively. We estimated G st between populations to be 0.1592, where G st = (H t − H s )/H t (19) ; and N m between populations to be 2.6416, based on the equation (16) . Based on the SSR data shown in Table 5 the total between-population genetic variation estimated from SI was 4.75 %, with 95.25 % variation estimated within populations. Using H, we estimated the G st between populations to be 0.0624 and N m , in turn, to be 3.7679. We also used nei's (20) F-statistic (F st ) to analyze the population genetic variation. total F st ranged between 0.0221 and 0.1266, with a mean of 0.0622; this corresponds to 6.22 % of the total genetic variation residing between populations and 93.78 % existing within populations. the above results demonstrate that while the six studied natural populations of L. gmelinii exhibited genetic differentiation, most of the observed genetic variation existed within populations. (Table 6) .
We performed a UPGMA-based cluster analysis, using nei's genetic distance values calculated from the RAPD and SSR data. the cluster analysis of the RAPD data (Fig. 3A) categorized the six L. gmelinii populations at D = 0.11 into three groups: Group I (KDE, MEDG, and GH), Group II (AES), and Group III (WYL and NJ). As seen in Fig. 3B , the cluster analysis of the SSR data divided the six populations into three groups at D = 0.065. Group I included WYL, KDE, and MEDG, with WYL and KDE most closely clustered. Group II comprised of NJ and GH, and AES constituted the third group. the results were somewhat different between the two types of markers, which may reflect their different characteristics. SSRs are co-dominant markers, whereas RAPDs are dominant ones, thereby revealing different aspects of the genome.
Final remarks
RAPDs are dominant markers, and each primer amplifies two alleles. in this study, the average number of observed alleles per primer was 7.9. eSt-SSRs are co-dominant markers, with each primer-amplified PCR product representing a single locus. in this study, the average number of observed alleles per primer pair was 2.065. Both marker-based methods revealed the presence of abundant genetic diversity in L. gmelinii natural populations. the feasibility of the two types of markers for detecting L. gmelinii diversity was also verified, which was consistent with previous research (5, 17, 38) .
heterozygosity (H o ) reflects the genetic diversity of a population and is a measure of population allele abundance (8, 14, 25, 31, 39) . in the natural populations in this study, inconsistency was typically detected between the observed heterozygosity and that expected based on the hardyWeinberg law. F is a ratio of the difference between expected and actually observed heterozygosity. When F > 0, excess homozygosity is present in a population. Using the SSRmarker data, F calculated for each locus in our study was greater than 0, indicating somewhat reduced heterozygosity in the surveyed populations. this conclusion is similar to that of other studies on natural L. gmelinii populations (4, 21, 35) . Both marker-based methods revealed that the existing genetic variation was primarily within each population and that there was low genetic differentiation between populations, similar to the results of Chen et al. (4) At N m > 4, the gene flow is so high that the studied populations can even be considered as a single breeding unit (12) . the genetic differentiation between populations was lower when measured using SSR markers than when using RAPDs. the differing results observed between the two methods may be related to the fact that RAPD markers are dominant, whereas SSR markers are co-dominant. the mutation rates of SSR loci are higher than those of their flanking regions and non-SSR loci; as a consequence, locus differentiation based on SSRs may underestimate the genetic differentiation between groups (10, 23).
When the genetic structure of natural L. gmelinii populations was analyzed using RAPD markers, the greatest number of polymorphic loci were detected in the KDe population, with the fewest number found in MEDG. H and H o were larger than the average in KDE, GH, and AES populations, and lower than the average in WYL, NJ, and MEDG. H and H o were highest in KDE and GH and lowest in MEDG. Based on SSR analysis, the mean H e , H, and I in the six populations were respectively 0.4711, 0.4658, and 0.6684. the studied populations could be ordered from highest to lowest H e as follows: KDe > WYl > MEDG > NJ > GH > AES, and from highest to lowest H as: KDE > WYL > MEDG > NJ > GH > AES, consistent with the estimates of I. H, I, and H e were lower than the mean values in NJ, GH, and AES. These results confirm that the genetic diversity is highest in the KDe population, similar to other studies on L. gmelinii of different provenance (17, 30) . With respect to actual locations, KDE, MEDG, and GH populations are situated to the west of the Great Khingan Mountains, and AeS is located to the south. the nJ population occupies a transitional zone in the Great Khingan Mountains, and the WYl group is found north of the lesser Khingan Mountains. While MEDG and AES populations are located at the edges of L. gmelinii's distributional range, KDE, GH and NJ are located near the center. to a certain extent, the genetic diversity appears to be correlated with the distribution: the genetic diversity was higher in the central L. gmelinii populations than in those located on the margins. this observation is consistent with the idea that genetic diversity of marginal groups is lower than that of central groups (1, 9, 15, 16) .
Conclusions
We analyzed 270 individual amplification samples from six natural Larix gmelinii populations, using 31 RAPD primers and 31 eSt-SSR primers. We found that genetic variation of the studied L. gmelinii populations was primarily within-population and genetic differentiation of L. gmelinii populations was between-population. Based on these results the six studied natural L. gmelinii populations could be divided into three groups.
